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(54) COMPLEMENTARY TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
complementary transistor of a constitution, wherein 
the structure and production process of the transistor 
are not complicated, the floating effect of a substrate 
is also inhibited, and moreover, the transistor is 
formed into a semiconductor on insulator(SOI) 
structure of a small area. 

SOLUTION: A complementary transistor consists of 
an insulating film formed on a substrate, a channel 
region 3 formed on the insulating film, an active 
region consisting of N-type source and drain regions 
2 and P-type source and drain regions 4, which are 
formed in such a way as to adjoin the region 3, a gate 
electrode 1, which is formed on the region 3 and is 

formed in the active region via a gate insulating film, and at least three lead-out parts 5, 
which are connected to the electrode 1 and are formed in such a way as to elongate 
outside across the active region. Thereby, a complementary transistor is constituted by 
forming an N-MOS transistor and a P-MOS transistor, which hold the region 3 and the gate 
electrode 1 in common. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

BEST AVAILABLE COFY 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detaiymain/wAAAUhaGJ3DA41 1266019P1 .h... 6/7/2005 



Searching PAJ 



Page 2 of 2 




[Kind of final disposal of aPPPfcation other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9apdl.ncipi.gojp/PAl/result/detail/main/wAAAm 6/7/2005 



JP,1 1-2660 19, A [DETAILED DESCRIPTION] 



Page 1 of 4 



* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a complementary transistor. Furthermore, this 
invention relates to the complementary transistor of the structure where both transistors share a 
channel field and a gate electrode, in detail in the complementary transistor which consists of the 
NMOS transistor and PMOS transistor of SOI structure (Semiconductor On Insulator: structure in 
which the semi-conductor film was formed on the insulator layer). 
[0002] 

[Description of the Prior Art] In recent years, detailed-izing and high integration of LSI progress, 
and the transistor from which the higher engine performance is obtained in a smaller area is 
examined. Among this, since the engine performance in which the power consumption at the time of 
actuation is high small moreover is obtained, in VLSI using a future detailed-ized process, as for a 
complementary transistor (henceforth a CMOS transistor), the logic using a CMOS transistor is 
considered to take the lead. 

[0003] It is the new transistor with which, especially as for the transistor of SIMOX (separation by 
implanted oxygen) structure, examination came to be performed into it recently. The transistor of 
SIMOX structure is one sort of the semiconductor device of SOI structure. SIMOX structure is the 
layer in which oxygen was contained to general SOI structure being made from after a laminating or 
by sticking in semi-conductor layers, such as silicon of polycrystal or a single crystal, on an insulator 
layer by making the layer which carried out the ion implantation of the oxygen to the silicon 
substrate, and contained oxygen in the part with a depth of about 0.1-0.2 micrometers, and heat- 
treating a substrate after that Si02 It is made by making it change. For this reason, the about 0.05- 
0.1 -micrometer thin silicon layer (semi-conductor layer: a transistor is formed here) of the front face 
of a silicon substrate is maintaining the same crystallinity as the original substrate, and it is the 
features that a quality silicon layer can be obtained. 

[0004] Compared with the transistor on the conventional Si substrate, the transistor of SIMOX 
structure has unnecessary formation of a well, and has advantages, like that only a channel field can 
be formed and the field of each transistor is surrounded in the insulating material field of a small 
area, and isolation can be performed. Therefore, a production process is simple and, moreover, 
detailed-izing is possible. Moreover, with the CMOS transistor on the conventional silicon substrate, 
since the parasitism bipolar component which was not avoided is not formed, an unescapable latch 
up also has the advantage of not generating theoretically in a CMOS transistor. Furthermore, since 
the channel field is thin, an excessive depletion layer is not made at the time of actuation, but, 
moreover, high-speed operation is possible at a low consumption electrode. The transistor of the 
above features to SIMOX structure is one of the strong candidates as a transistor used for future LSI. 

[0005] However, there is the substrate suspension effectiveness which will be generated as a 
phenomenon peculiar to the transistor of SIMOX structure if power-source potential becomes high. 
If the substrate suspension effectiveness occurs, actuation of a transistor cannot become unstable and 
it cannot use for a circuit. Therefore, a transistor can be used only in the range of the potential which 
the substrate suspension effectiveness does not generate. The substrate suspension effectiveness is a 
phenomenon peculiar to the transistor of SOI structure, and is remarkable in especially an NMOS 
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transistor. It explains taking l^iase of the NMOS transistor which shows fffis phenomenon to 
drawing 17 (a). 

[0006] An NMOS transistor is N+. It has the source field 101 of a mold and the P type field 103 
between the drain fields 102, and the gate electrode 105 formed through gate dielectric film 104 on 
this P type field 103. An NMOS transistor forms the layer (channel) in which potential can be made 
to be able to act on from the gate electrode 105, and an electron can flow, and passes a current 
between source drains. Here, an electron flows toward the drain field 102 from the source field 101 
like the arrow head of drawing 17 (a). Moreover, since the electron has negative charge, a current 
flows from the drain field 102 to the source field 101 conversely. Thus, although the bearer of a 
current is mainly an electron in an NMOS transistor, the electron hole of an amount is generated a 
little by the electric field generated inside a substrate in fact. This electron hole moves in the inside 
of the P type field 103 according to the electric field inside a substrate rather than flows the channel 
between source drain fields. If it is the transistor formed on the usual substrate, since the P type field 
is connected to Rhine, such as GND, through contact (the potential of a P type field is fixed by it), 
finally the generated electron hole is discharged through the Rhine, and does not affect actuation of a 
transistor. 

[0007] However, in the case of the transistor of SOI structure, the P type field 103 is surrounded by 
the insulator layer, and the part used as the entrance of the contact for fixing potential, i.e., an 
electron, and an electron hole does not exist. Therefore, the electron hole produced in the P type field 
103 will continue remaining in the interior of a P type field. Of course, although there is also an 
electron hole which disappears by recombination with an electron in near a boundary with the 
interior of a P type field or a source drain field, when there are more electron holes generated rather 
than the disappearing electron hole, the electron holes in a P type field will increase in number (the 
reference number 106 of drawing 17 (a) means the electron hole which increased). 
[0008] Although that electron holes increase in number to the P type field 103 makes the potential of 
the P type field 103 rise, this is equivalent to the substrate potential of a transistor changing. 
Therefore, the amount of currents which flows between source drain fields changes. If a drain 
current is plotted to the drain potential in this case, the vena contracta called a kink to a curve will be 
seen (refer to drawing 17 (b)). 

[0009] When drain potential is low (substrate potential is equivalent to 0V), since there is little 
generating of an electron hole, a transistor performs the usual actuation, but the yield of an electron 
hole increases as drain potential rises. Therefore, the same effectiveness as substrate potential rose 
arises, a drain current increases, and since change of the amount of currents becomes remarkable in 
the boundary line, a kink occurs. 

[0010] Also in the transistor of SOI structure, in especially the transistor of SIMOX structure, the 
semi-conductor layer on an insulator layer is as thin as 0.05-0.1 micrometers, and since the P type 
field is moreover made detailed, the substrate suspension effectiveness occurs more notably. For 
example, a kink arises [ drain potential ] even about 1-2V. Since it was unsuitable for actuation of a 
transistor becoming unstable and using in a circuit if a kink occurs, (power-source potential had to be 
about [ 1-2V ]) to the potential in which a kink does not generate what can be used as 
TORAJISUTA, and this was the fault of the transistor of SIMOX structure. Therefore, in order to 
extend the available range of the transistor of SIMOX structure, it is a big technical problem to 
control the substrate suspension effectiveness. 

[001 1] In order to make easy to discharge the excessive carrier in (2) channel field which forms the 
contact for giving potential to (1) substrate as a cure for controlling the substrate suspension 
effectiveness, the approach of introducing the matter which acts as a trap so that the excessive carrier 
in (3) channel field which carries out the work on structures, such as using semiconductor materials 
other than silicon for a source drain field, may disappear is learn. However, when using these 
approaches, moreover the layout was complicated and area increased, the production process became 
complicated and the technical problem of cost increasing occurred. 

[0012] On the other hand, there is a method of accumulating an NMOS transistor and a PMOS 
transistor perpendicularly as a technique for reducing the area of a complementary transistor (refer to 
JP,3-77363,A). According to this approach, either an NMOS transistor or a PMOS transistor is 
formed on a substrate by the approach as usual, and the complementary-type transistor is formed by 
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islMfc a thin film transistor using polish recon etc. I 



accumulating another transislBfc a thin film transistor using polish recon etc. By this approach, 
since a gate electrode is sharable, the structure which the NMOS transistor and the PMOS transistor 
carried out the gate electrode back to back, and unified is formed. That is, although the transistor 
formed on a substrate is the usual transistor, the transistor formed on it serves as structure which has 
a gate electrode in the bottom. 

[0013] Since the transistor was accumulated perpendicularly in the case of this structure, there was a 
problem that both a layout and a production process were complicated. Furthermore, since an NMOS 
transistor or a PMOS transistor turned into a transistor which has the channel field which consists of 
polish recon etc., there was a problem that electrical properties (the amount of currents etc.) were 
bad compared with the transistor formed into the substrate (silicon single crystal substrate). 
[0014] As amelioration of the above-mentioned semiconductor device, the complementary transistor 
which shared the channel field superficially is indicated by JP,4-94275,A, without accumulating a 
transistor. The schematic diagram of the complementary transistor indicated by this official report is 
shown in drawing 18 . As shown in drawing 18 , the configuration of a source drain field (107 and 
108) and a channel field makes magnitude of the gate electrode 109 larger than the channel field of 
the common area with the cross-joint mold. 
[0015] 

[Problem(s) to be Solved by the Invention] In drawing 18 , when an NMOS transistor is observed, 
channel length is equivalent to L and channel width is equivalent to W. At this time, the magnitude 
of the actual gate electrode 109 must be LxWG, and its width of face must be wider than W. 
Moreover, the same thing can be said even if it observes a PMOS transistor. The gate electrode 109 
with this wide width of face has a margin indispensable to those four comers, as long as this 
structure is used. 

[0016] When the margin of the four comers of the gate electrode 109 is made small, it is N+ by gap 
of the alignment at the time of gate electrode formation. A field and P+ A field may connect too 
hastily and it may stop operating as a transistor. For this reason, when the above-mentioned structure 
tended to be reduced further and it was going to form a detailed transistor, un-arranging [ that 
margins ran short ] had arisen. 
[0017] 

[Means for Solving the Problem] Wholeheartedly, when the artificer of this invention etc. was a 
complementary transistor which has the following structure as a result of examination, structure and 
a production process did not become complicated, but the substrate suspension effectiveness was 
also controlled, and he found out that the complementary transistor of the SOI structure of small area 
could be offered further, and resulted in this invention. 

[0018] The channel field which was formed in this way on the insulator layer formed on the 
substrate, and this insulator layer according to this invention, The active region which consists of the 
N type source drain field and P type source drain field which were formed so that this channel field 
might be adjoined, The gate electrode formed in the active region so that a channel field might be 
covered at least through gate dielectric film, The complementary transistor characterized by 
consisting of at least three formed drawer sections so that it may connect with this gate electrode and 
may extend across an active region, and consisting of an NMOS transistor between which the 
channel field and the gate electrode were shared, and a PMOS transistor is offered. 
[0019] 

[The mode of implementation of invention] First, especially the substrate that can be used for this 
invention is not limited, but each well-known substrate can be used for it. For example, a silicon 
substrate etc. is mentioned. Furthermore, an insulator layer is formed on a substrate, an NMOS 
transistor and a PMOS transistor are further formed on an insulator layer, and it becomes a CMOS 
transistor. In addition, the transistor of this structure is called the transistor of SOI structure. 
[0020] The formation approach of an insulator layer can use each well-known approach. For 
example, after forming an insulator layer on a substrate, the approach of forming the barrier layer for 
transistor formation on an insulator layer with the epitaxial method, a CVD method, etc., the 
approach of forming an insulator layer by pouring in and heat-treating impurities, such as nitrogen or 
oxygen, in the depth of a request of a substrate, etc. are mentioned. In addition, by the latter 
approach, the barrier layer for transistor formation can also be formed on an insulator layer at 
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formation and coincidence oURnsulator layer. In addition, the CMOS transistor using the latter 
approach is called the transistor of SIMOX structure. 

[0021] Here, when using a silicon substrate, a silicon nitride, silicon oxide, etc. are mentioned to an 
insulator layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The insulator layer formed on the substrate, the channel field formed on this insulator 
layer, The active region which consists of the N type source drain field and P type source drain field 
which were formed so that this channel field might be adjoined, The gate electrode formed in the 
active region so that a channel field might be covered at least through gate dielectric film, The 
complementary transistor characterized by consisting of at least three formed drawer sections so that 
it may connect with this gate electrode and may extend across an active region, and consisting of an 
NMOS transistor between which the channel field and the gate electrode were shared, and a PMOS 
transistor. 

[Claim 2] The complementary transistor of claim 1 by which a complementary transistor is used for 
an inverter circuit. 

[Claim 3] The complementary transistor of claim 1 used for the circuit where two or more 
complementary transistors were used, and combined a NAND circuit, a NOR circuit, or them. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 (a) is the outline top view of the CMOS transistor of this invention, and 
drawing 1 (b) is the outline top view which removed the gate electrode from the CMOS transistor of 
drawing 1 (a). 

[Drawing 2] It is the X-X sectional view of the CMOS transistor of drawing 1 (a). 

[Drawing 3] It is the Y-Y sectional view of the CMOS transistor of drawing 1 (a). 

[Drawing 4] It is the graph which shows the electrical property of the CMOS transistor of drawing 1 

(a). 

[Drawing 5] It is the outline circuit diagram of the inverter circuit of the mode 1 of operation. 
[Drawing 6] It is the outline top view of the inverter circuit of the mode 1 of operation. 
[Drawing 7] It is the outline top view of the inverter circuit of the mode 2 of operation. 
[Drawing 8] It is the outline top view of the inverter circuit of the mode 2 of operation. 
[Drawing 9] It is the outline top view of the inverter circuit of the mode 3 of operation. 
[Drawing 10] It is the outline circuit diagram of the inverter circuit of the mode 4 of operation. 
[Drawing 11] It is the outline top view of the inverter circuit of the mode 4 of operation. 
[Drawing 12] It is the outline circuit diagram of the inverter circuit of the mode 5 of operation. 
[Drawing 13] It is the outline top view of the inverter circuit of the mode 5 of operation. 
[Drawing 14] It is the outline circuit diagram of the inverter circuit of the modes 6 and 7 of 
operation. 

[Drawing 15] It is the outline top view of the inverter circuit of the mode 6 of operation. 
[Drawing 16] It is the outline top view of the inverter circuit of the mode 7 of operation. 
[Drawing 17] It is the approximate account Fig. of the technical problem of the transistor of the 
conventional SIMOX structure. 

[Drawing 18] It is the outline top view of the conventional CMOS transistor. 

[Drawing 19] It is the outline top view of the inverter circuit using the CMOS transistor of drawin g 
18. 

[Drawing 20] It is the outline top view of the conventional 2 input NAND. 
[Description of Notations] 

1, 21, 22, 41, 42, 71, 72, 73,105,109 Gate electrode 

2 4,107,108 Source drain field 

3 Channel Field 

5 Drawer Section 

6 Insulating Layer 
7,104 Gate dielectric film 

8 Insulator Layer 

9 Silicon Substrate 

10, 11, 24, 26, 27, 30, 44, 45, 48, 50, 75, 77, 79, 81, 82, 85,102 Drain field 
12, 13, 23, 25, 28, 29, 43, 46, 47, 49, 74, 76, 78, 80, 83, 84,101 Source field 

14, 31, 51, 91,110 Contact 

15, 32, 52, 92,111 Wiring 
103 P Type Field 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 10] 
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[Drawing 18] 
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